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Clearwater School/Clearwater Commons Project

Implementation Summary 5 Year Evaluatior®& Recommendations

Project Name: Clearwater School/ Clearwater Commons Habitat Restoration Project
Project Location: North Creek at 196th ST SE.

Project Manager Dave Lucas, P.E.

Project Steward(s): Scott Moore, Frank Leonetti

Construction Date: 2011

Dates of Habitat Monitoring: 2009, 2011, 2012, 2016

Monitoring Staff: Frank LeonettiScott Moore Brett Gaddis, Luke Hann&ong Tran
ReportPreparation Luke Hanna, Frank Leonetti and Scott Moore

The Clearwater School/Commons Project on North Creek was constructed in 2011 after years of

increasing landowner support and participation, early vegetation management, securing grant funding

from multiple soures and stablishment ofConservation EasemeatThis project was implemented

along 1500 lineal feet of North Crekkd LJ- NI 2F {y2K2YA &K / 2dzyieQa O2YY
WRIA 8. The total projécost to complete the projeavas $65,556 from the Salmon Reovery

Funding Board (SRFB) d@ubget Sound Acquisition and Restoration (PSAR) grant programs, National Fish

and Wildlife Foundation (NFWF) and local matching funds

Type of Project: Habitat Restoration
Ovenll Project Goals: 1.) @ntrol erosbn near previously filled floodplain and limit erosion
near built structures
2.) Addlargewoody debriqLWD)for habitat enhancement.
3.) Enhance pool habitat quantity and quality.
4.) Construct andrghance side channels.
5.) Rehabilitate the stream bffer with native vegetation.

Project components: Installed141 pieced WDin 27 locationsjnstalled seven reinfoed
riffles for grade control; Reaved one footbridge and supports;

Excavated two side channgeBlanted2 acres of stream buffer

Table. @mparison of specific project goals pgenstruction to current.

Project Goal | Preconstruction condition Treatmentcondition
Vegetation 2 acresHimalayarblackberry | For 3 growing seasons: Blaekry- 1 acre mowed &

Site & knotweed; only 8 conifer | grubbed;Knotweed 1.0 acre 1% year stem

Preparation | trees. injection, 29 ¢ 4" foliar applications; Reed canary
grass 0.5 acre mowed, plastic sheet mulch for tw
years.

Control cnQ SNBRAY3 & Nonew erosion

Erosion




Add woody 106 pieces/km 264 pieces/kmLWD meets or exceedmmbitat
debris LIS NJFF 2 NI | Y @& stabilitybrSetdhtiom
Enhance 3.8% cover over pools Fish concealment cover (19%) over pools nearly
habitat meets habitat performance target (20%).
Enhance pool | 16 pools; 536% pool area; 32| 16 pools; 31% pool ared6.4 pools/km 046 m avg.
habitat pools/km; 0.5m avg.residual | residualpool depth; 444 of pools formear
pool depth; one wood assistedoy placedLWD .Side channels contain 5
formed pool (6%f all poolg. | pools.
Enhance side | No side channels Two side channels total 107 meters length; 24%
channels habitat area
Improve 2 ac.Himalayarblackberry & | Planted 2 acres>1000trees (65% conifers¥6000
stream buffer | knotweed; 8 conifer trees > | shrubs, live stakes, herbaceous plants, |4 of
0.55 m diameter. native grass seed40 cuyds.wood mulch,
protection and follow up invasive controls 1
growing season survival rate: 97% (Aug 1, 2012)

Monitoring staff observations and recommendations:

The construad side channels are performing very well, with new pool habitats, good flow interaction
with placed LWD, good fish cover, impedwiparian vegetation, anchannel adjustmers forming point
bars, gravel storage, and paiifle sequences

L UpBsdible that the main channel will avulse into the right bank side channel, however, the placed
LWD, newly recruited wood, and inlet constriction at the upper apex jam site will limit avulsion
potential.

The apex jams are engineered and built owatge for this channel size, particularly the height of the
jams above the bankfull elevation, which is rarely wetted. Chaapptopriate LWD desiggnd
construction is desired for cost and construction efficiency.

Placement of channelirning wads andilllogs was effective at creating backwater, plunge pools, and
controlling stream grade in locations prone to channel incision. In locations that were not prone to
channel incision, sill logs retained sediment and widened the channel. However, there dgien®daat
demonstrate new channel incision and bed degradation that isolate LWD placed at higher elevations.

TwoMeander Janstructures implemented to limit bank erosion and create cover were very successful.

Overall, structures designed ardnstructed with multiple pieces of LWD appeared to perform better
than individually placed rootwadgiowever, sme rootwadshave filled in with sediment and overgrown
with bank vegetatiorwhere no opposite streambank rootwads or resistance was pregsetdnstrain

the thalweg adjusnent.

Channel thalweg or cross sectialthangesare not reported Thesewill be evaluated in the future and
may help to determine why pool habitat decreased.
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1 Introduction

This reportprovides an update onthe Clearwater Scho@nd Commonsalmon habitat restoration
project Included isan overview of the project goals and objectives, initial outcomes, and the status of
the project on North Creelve years after constructiorData from2009(pre-constructior), 2011 @s

built condition), 2012 (postconstruction), and®015/2016were used ¢ evaluate whether the project
objectivesare being met.

1.1 Project Background

The Clearwater School a@learwaterCommond_LCare privately-ownedand together span 196St. SE
in North Creelbetween 208th St SE (Thrashers Corner) and 164th St SE (City of MilirCreek)
unincorporated Snohomish Counffyigurel). The historicalloss of mturaland mature riparian forest
loss of woody debristreambankarmoring bridge constructionandinvasivenon-native plants
(especially knotweed)avedegraded stream conditiorsver past decadedHabitat surveys
implemented in 1999 and 20(fbund poor stream habitat complexity due to the low pool
guantity/quality and low levels of large woody debris (Fevold et al. 2001, Snohomish County 2002).

Snohomish County Public WorRarface Water ManagemefSWM)partnered withthe Clearwater

Sclool and Clearwate€ommongo implementa project torestore streamhabitat for ESAlisted
Chinooksalmon, as well asoho and sockeye salmonhis project was proposedd the 2005WRIA 8

Salmon Recovery Plan awdsA y Of dzZRSR 2y ( K$S S2 WIThiswbrieiSbhildshh (G &  d o
other successful habitat restoration within the North Creeik basinmplemented by Snohomish

County, including restoration along a section of North Creek downstream of this Jiv@ratCreeks

Theprojectwaslargely grantfundedthroughthe Washington State Salmon Recovery Funding Board
(SRFBPuget Sound Acquisition and Restoration (PSAR) prograhiNational Fish and Wildlife
Foundation In adlition, SWMultility service chages were usedsgrantmatching fundsTheClearwater
School andCommons LLC donateonservation easemeat

Project constructioralong 1500 lineal feet (0.28 mile) of North Créelgan in 2011The pimary
construced elements are listedh Tablel. However,engagnglocal residents and students in the
restoration project and in ongoing project stewardships also an important objectivé&his site has
been included in curriculum at theniversity of Washington.

1.2 Project Elements

Tablel summarizes the project elemenénd activitiesMore information carfoundin the Clearwater
School Monitoring PlaLeonetti & Moore 2013)

ClearwaterSchool 5 Year Monitoring Report
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Tablel. Project elements and short description. More information can be found irCtearwater School Monitoring Plan.

ProjectElements Description
Conservation easement Two conservation easementwtaling 3.03 acres
were separately recorded in 2011.
Footbridge removal and riprap Footbridge#1 andwooden amphitheateon right

bank wereremoved Some riprapedistributed
away from the bridge support

Stabilize eroding streambanks (as needed) Erodindfill on theleft bank downstream from
Footbridge#2 was removed, slope was laid bacl
and 15.4m longmeander @amwasconstructed

Install LWD 141 pieces of LWD wadaced and anchored in
27 discrete locatios.

Construct reinforced riffles Severreinforced riffles wereconstructed, two of
whichwere constructed in the side channels.

Enhance/create side channel habitat Two sidechamelswere excavated at Clearwatel

Commons (67 etersand 40 neters in length.
One higher elevation overflow channel was
constructed athe Clearwater School site (74
meters).

Invasive species vegetation control Weed control for bhemian knotweed and
Himalayan kackberry began in 2008.

Plant native trees and shrubs 1,177 trees planted and 6223 shrubs were
planted in betweerthe Commons and School
sites.

1.3 Monitoring Questions

A number of monitoring questions wetdeveloped prior to projectonstrucion andare outlined in the
project stewardshipfmonitoring plan(Leonetti & Moore 2013) These questionsnostlyfocused on the
salmon rearing habitat objectives of the project and covdradye Woody Debris (LW&nNd riparian
buffer changes over timandthe effectiveness of various treatments

It should be noted that this monitoring report does not address all of the moniogiuestions thaare
described in the projeamnonitoring plan me questionsare no longerapplicabledue to data
constraintswhile others vere intended to be discussed in the ¥®ar monitoring reportAlternatively,
other questions that were not higlghted in the original monitoring plasre addressed in this plan,
including theoutcomes of treatmenttypes and designs chosen fibiis project.The primary monitoring
guestionsin this reportinclude:

1 Havethe LWD treatments accumulated wood from North Creek and is the LWD stable?
1 Does LWD placement create hew pool scour formation?

ClearwaterSchool 5 Year Monitoring Report
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1 Do LWDBformed pools increase total pool area in the treatment area?

1 Do LWEformed pools create greater fish cover3jym

1 Do LWDOreatments split stream flow to effectively maintain or increase side channel length
and/or wetted area irthe summer?

1 Havetreatments decreased riprap and increased channel instability?

1 Have the project treatments been effective awgre theydesignedwell?

1.4 Project Monitoring

Project monitoringeported in this documentocused orfour primary data types: habitatnits, large
woody debris (LWDhenthic invertebratesand photo pointsTreatment types, or restoration
techniques were also evaluatddr their overall effectiveness at enhangihabitat and improving
functions at the project siteThe following section provides a brief overview of how each datawgme
collected More detailed information ormonitoringcan be found irvarious other moitoring protocol
documents and reports referenced in this sectiédimap of the Clearwater School project can found in
Figurel.

a. Habitat Data
Habitat data were collectenh all years between the same upstream and downstream project boundary
locationsdza A Y3 { y 2 K2 Y A abke stte@ndinyvéntdrgnathodologd®ustay et al. 2008). This
approach documents
9 Location of individual habitat unitgools, riffles, and glidgs
1 Length and average width of each habitat ynit
1 Dominant substrate size category of edwbitat unit (sand, small gravel, large gravel, small
cobMle, large cobble boulder);
1 Poolformingfactor (natural wood, free formriprap, artificial structure, beaver
Poolmaximum depth and tailout depth;
9 Habitat unit dominantovertype (vegetation, LWD, bank, rock, othend cover area category
(0, 2:10, 1340, 4175, >75% areal cover).

=

b. Large Woody DebrigLWD)

Methods based on th2008 wadeable stream survey protocol for LWD were used to inventornyadid

within the project area meeting minimum size critgpigd Y SM)E8HIGK | yR xmn OY
(Rustay et al. 2008). Additional data related to piece placement, anchoring, segbdaal LWD

functions were also collectefdr eachpiece of woodCategorical LWD functions were pool scour, ever
water/in-water cover, bank stability/protectiorand sediment storageFor each piece of woga count

of 0-4 functiors waspossible.

ClearwaterSchool 5 Year Monitoring Report
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c. Benthic Index of Biotic Integrity (B-1BI)

Benthic Index of Biotintegrity (BIBI) data were collected as part of monitoritigs project. However,
historicbenthic invertebrate sampling had already been accomplished at the project site as well as from
other North Creek sitesothis evaluation of project conditions was more broadly interpreted relative to
other sub basirscores. Scoresere analyzedo determine whether the project hadeviated from other
similar sites in North Creek

d. Treatment Effectiveness

An implicit question for this project is whether th&VDtreatment desigrs wereappropriate and

effective. Survey data collected at the site were used to evaluate whether wood treatment types such as
placed apex jams, meander jamsd rootwads, and wood sills wergtable maintain their functionality,

and enhance habitat in the project area.

e. Photo Points

Photos were takeffrom approximately 36 locéinsto highlight various viewsf project elements.

Photo locationsncludedmid-channelnear individual treatmentsat overall vantage poinfsand
upstream and downstream of thegrojectlocation Photosinclude as much of the channel, banks, LWD
treatments and vegetation as possible.

f. Vegetation

Vegetationmonitoringwas conducted in accorgaOS A 0K GKS / 2dzyieQa +S3aSdl d

(Moore et al. 2003). County staff established 16 transects from the water surface of the western bank to
the upland zone of the corridoData collectiorincluded plant survival, growth, cover over timeda
control and cover of invasive species.

1.5 Monitoring Schedule

A beforeafter monitoring scheme was used atlow the comparison gbre-projectsite conditionsto
conditions after theproject was completeA threeyear pe-project monitoring phase began 2008to
evaluate the conditions of the vegetation, habitat, and geomorphic processes prior to construction.
Constructionwas completd in 2011 which began théen-year postproject monitoringphase.Table2
shows the poject monitoringthat has occurred
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Legend
@® Project Boundary
Snohomish County BIBI
Constructed side channels

North Creek

——

TANWOOD

Figurel. Map of Clearwater School project area, including constructed side channels and long term Snohomish @lunty B
sampling locations. The upstream and downstream ends of the project are marked kwdtheints
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Table2. Schedule of project monitoring. Shaded area represpastyears *Year 2021 represents 10 years following constructibaygh some monitoring and maintenance
will likelyoccur between 2016 and 2021

Calendar Year 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2015 | 2016 | 2021 | 2023*
Project Year Pre Pre Pre 0 1 4 5 10 12*
Vegetation X X X X X X X X

Channel Form X X X
Habitat/LWD X X X X X

Photo Logs X X X X X X
Reporting X X
Benthic

Invertebrates(B-1BI) X X X X X X X
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2 Monitoring Resultsand Discussion

The following section describes monitoring results from the first five years of the Clearwater School
Project, andncludes data from 2009 (preonstruction), 2011 (immediately pesbnstruction), 2012

(postconstruction), and 2016 (5 years afteonstruction), and includes discussion on whether each
objective has been met and general observations.

To understand chagesat the project site, flow data from 196St SE were evaluatéBigure2). Data

from April 2001to May 2015 (the gauge was removed after 2015) show several significant flood events
Flood events occurred iDecember 2012March 2014, and December 2014 and had meamthly

flowsof 107.95, 78.47, and 65.80 CFS, respectifféyure?). These flood events appear to be larger

than the flows recorded prproject data (209). In additionthe December 2012 flood event is the
largest on record between 2001 and 2015.

Monthly mean flow (CFS)
120.0

Construction
100.0
Pre-Project PostProject
80.0 J )
2
060'0
40.0
20.0
O'OHHNMM < W0 W O N~~~ oo o O o Y4 o N o < o
OOOOCPgOOOCl)OOOOOF,'\T‘::HH‘—I'\—I"—I'T'H
h$CC@L$$,OEQD.¢$CC@;'_$'>\OE_QD—¢
£2382%088~"¢F522382E088°5¢L4<2

Month and Year

Figure2. Mean monthly flow of North Creek at 19&t SErom April 2001 to May 2015. Orange arrow demarks the
approximate time othe projectconstruction.

2.1 Habitat and Vegetation

Have the LWD treatments accumulated wood from North Creek and is the LWD stable?

Results

LWD counts for each year and whether the wood was plasguba of the project or naturally recruited

is shownm Table3. There was a reduction in naturally recruited/Dimmediately following the project

in 2011, which could have been from greater transport and lmstween 2009 and 201L.4 Q& F f & 2
possible that wood count decreased due to construction activities that affected the observation of all
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LWD.In 2012, one year after project constructidghe quantity of LWRlecreased by 4 pieces but &
in-large, thewood placed in 2011 was relatively unchanged in 28i®vever,8 piecesof placedwood

could not be accounted fof hetotal quantity of LWD decreaseabain between 2012 and 20by

18.5%, or 30 pieces of wopithoughsome ofthe placed woodnay have beewlifficult to observe due to
new vegetatiorgrowth on streambanksThe number of natural pieces also declined over time indicating
low natural wood recruitment, further highlighting the importance of placed woody material.

The LWD observed in 2009 waditdpetween53%stable (aturally or artificially anchorédand47%

unstable Although the total number of LWD in the project area has decreases 2011, wood

stability hagncreased following constructiorom 90% in 2011 to 93% in 201A.missing piee of
informationisthe count of natural wood that was physically retained by or otherwise stored on placed
pieces of LWCHowever, since the number of natural wood pieces has declined over time, we believe
the amount of storage at LWD treatmentsislowR Kl ay Qi Ay ONBI &SR aAyO0S

Table3. Wood count, origin (natural or placed), and the percent of placedrataral woodfor a given year.

Year Natural Placed Total % Placed %Natural

2009 51 2 53 N/A N/A

2011 33 143 176 81 19

2012 27 135 162 83 17

2016 25 107 132 81 19
Discussion

LWD retentiorin 2016 was 75% of the totaWDafter construction whichwas less than the anticipated
performance oB0%wood retentionover 10 yearsThisdecrease in total wood may be attributed to
large flood events thabccurred in 2012 and 201#hich mayhave washed away LWD structurég the
same time, some woodasily observed and counted pesinstruction mayow be buried, covered in
growing vegedition, mulch or otherwise obscurediue tosomechannelmovementof North Ceek

Do LWDformed pools increase total pool area in the treatment area?

Results

Pool counts, area, average pool area and average pool depth over time are shbabiad. Five years
after the project, the number of pools isichangedand the total pool area decreased by approximately
420 nt. The average residual pbdepth decreased after construction fronb@.m in 2011 to @6 m in
2016

The poolformingfactors have changeid the first five years singerojectconstruction as most of the
pools were freformed prior to construction in 2009. A majority of thegds were formed by natural
wood, riprap and placed woodmmediately after construction in 2011, which changed to mosid#ced
wood and free form pools in 2016. Two podtaindin 2016 were formed by beavetbkat colonized the
new side channelérableb).

ClearwaterSchool 5 Year Monitoring Report
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Prior to the project, early all of the pool area was attributed to fréermed pools.Since the project,
the dominant poofforming factor by pool area has shifted frorataral woodformed pools in 201%o
placed LWDr free-formed poolsin 2012 In 2016 a large proportion of the pool asavasattributed to
free form pools No natural wooeformed pools were recorded in 201&hich could be partly explained
by the 50% reduction in natural LWDable3) since 2009Figure3).

While the number of pools initially ineased with LWD treatments, the numbaecreased by 20% by
2016.Conversely,ite number of riffles and glides both increased by 27% between 2009 drii 20

which contributed toa 15%increase irall habitat units between 2009 and 2018 fact the number of

glides increased from 11 to 14 to 19 in 2001, 2012, and 2016, respectively, suggesting that since residual
pool depth decreased over time, some p@ws pool locations no longer meet residual pool depth

criteria.

Table4. Numberof pools in main channel and side chanreelerage area, and average residual depth of pools within the
Project area for a given yeardenotes thatthat several pool width and/or lengths used to develop this value were estimated

# of Pools
_ : Total Pool | Average pool Average
Year Main Side :
Total Area Area Residual Depth
Channel| Channel

2009 16 0 16 1246.6 77.9 0.50

2011 17 2 19 1396.4 73.5 0.52

2012 17 3 20 1000.2 50.00 0.42

2016 11 5 16 819.2* 51.2 0.46

Table5. Number of pool forming factors for a given year.

Year Artificial Structure | Beaver | Free form | Natural Wood | Riprap Grand Total
2009 12 1 3 16
2011 6 4 5 4 19
2012 9 6 2 3 20
2016 6 2 6 2 16

ClearwaterSchool 5 Year Monitoring Report
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Total area of pool forming factors by year

1600
1400
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1000
T 800
@
L 600
<
400
200 I I I
. N A B []
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mmm Artifical Structure Beaver
Free form Natural Wood
= Rip rap Total area

Nat Wood + Project Wood Pool Area

Figure3. Pool forming factorstotal area,and the sum pool area attributeadtboth natural and project wooder year Note,
artificial structures include placed wood.

Discussion

Thetotal number of poolsncreased between 2009 argh12due to pool formation around the
constructed LWD treatments and side channels,theh decreasedbackto 16, the original number
recordedpre-project The number of side channel pools incredgost poject, which indicatethat the
side channels are becoming more connecéed hydraulically diverse. However, flow may be diverting
away from the mainsterwhich results in lesgeomorphic scour or more sediment retentiand kess

pool formationin the mainchannel.

The total pool area and average pool area decreasettveen 2009 and 201&venthoughthe number
of pools wereghe same in both 2009 and 201Bhis coupled with the increase in the number of glides
and iffles may suggeghat the LWD features and other project elements are aggrading enough
sediment in the project area to turn what were pool featu(eased on residual pool depth
measurementsj)n 2009 and 2011 to riffles and glides in 20IBis aggradation can greatly inope
salmon spawning habitat by providing more gravel and small cobble in the project area.

Total pool area attributed to natural and placed wood increased between 2009 and 2011 thee to
addition of the placedvood, but decreasetb 157.8m?in 2016. kbwever, the total pool areassociated
with LWDin 2016is nearly three times the area recorded in 2008 increasefollowed by a gradual
decrease in pool area formed by woisdperhaps not surprising as natural wood decreased and the
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channel adjustednisome cases farther away from LWD treatmeiiiisis movement malge due tothe
large storm events that occurred in both 2012 and 2014.

Two of the pools recorded in 2016 were formed by beavarggesting there are now more favorable
habitat conditionswith the riparian vegetationo accommodate beaver. Increased beaver activity within
the project area may lead to more woddrmed pookand higher quality fish habitat. The two beaver
formed pools recorded in 2016 wenesidechannels associated withlaced LWDstructures, suggesting
that the LWD treatments may play an important role in facilitating the creation of these pools.

Does LWD placement create new pool scour formatién

Results

The functionality of each piece of wood was documented to record whether the wood was actively
creating a scour pool, retaining sediment, providing coaad/or protecting the bank in some way.
While the largest proportion of wood in 2009 and 2011 serwed function, a majority of the wood in
2016 served three functions. 2016 also had the highest number of functions for all wood when
compared to 2011 and 2@0Figured).

2012 was excluded from the wood functionality analysis due to the wood data collection error that
occurred in 2012, discussed in the previous section. While it was possible to calculate the total number
of wood present after the 2012 survéypm the asbuilt design, it was not possible to definitively
determine what functions thy were providing in 2012.

A summary of the percentage of wood serving each function per ysaoisn inFigureb. While most

of the wood in 2009 and 2011 served between 1 and 2 functions, 2016 had the most average number of
functions per piece of wood, as well as the most pieces of wood that served all 4 fun&iigme4). As

a result, the count of all wood functions was highest in 20tiéh over60% of the wood creating scour

pools in the project areaand approximately@0%more than 2009Figure5). Over 80% of the wood
recordedin 2016were associated with providing either cover or bank protectigigures).

ClearwaterSchool 5 Year Monitoring Report
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Number of functions per piece of wood each year
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Figure4. Number of functions for each piece of wood recorded by year, including total number of functions for wood each year.

Percentage of wood serving each funtion by year
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Figureb. Percentage of wood serving each function by year.

Discussion

The wood present in the project area 2016served a greater number of functions than the wood
recorded in 2011 or 2012In addition, LWD in 2016 were associatethwiver40% more scour pools

which suggests that the wood present2016served a greater benefit fguvenilesalmonrearing

habitatin the project areaOf the 41 pieces of wood documented in 2016 that were associated with
scour poolsat least68% of he wood (28 pieces) weleWVD treatmentsdemonstrating that the wood
placement associated with the Clearwater School Project is successfully facilitating the creation of new
and improved salmon habitat in the project ardashould be noted that due to the wood corrections
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made in 2018some ofthe wood functions and associated valugiscussed in this sectianay be
underrepresented

Do LWDformed pools create greater fish cover (1§?

Results

The dominant cover type asciated with poolgre-constructionwas vegetation (68.5 fhisome of

which was Himalayan blackberry, knotweed, and grasBespool covertypes obsered in 2011 and
2012 was mixed between vegetation, rock, LWD, and bank. Although 2016 had the tmakestver
associated with pool@here were fewemualifyingpools) the majority of the cover type were from LWD
(45.5m? or 69% of all pool cover recorded016 also had the largest amountld/Dcoverassociated
with poolsamong allyears which increaseé from 36.1 mMin 2011 to 45.5n? in 2016.(Figures).

Total area for each cover type associated with pools
in a given year
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Figure6. Total area of each cover type in the project area.

Discussion
Total fish cover (imwater and within 30 cm overwater) over all habitat units was greate2009, prior

to construction with 290 rf) which mostly consisted of bank vegetation cover. Total cover decreased
post-construction to 185 rfin 2016. Similarly, the greatest total cover associated with pools was in 2009
with 129 nf which decreased to 68 n?in 2016(Figure6). Because the pool area also decreased over
time, the reduction in cover by pool area is understandable.

Although total cover associated with pools decreased within the Clearwater School project area over the

first five yearsfish covercreated by LWD anassociated with pooleasincreasedo 45.5m?. This
increase is likely associated with theeater quantity of LWD inthe project area and thewveragegreater
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level of functionalityfor each piece of woodBecause L\WHdreated cover at pools represents important
rearing habitat for juvenile salmon, the project was successful in this regard.

Do LWDtreatments split stream flow to effectively maintain or increase side channel
length and/or wetted area in summer?

Results
Asnotedin Tablel and Figurel, two side channels were excavategstream from the 196 St SE

Bridgewith lengths of 67 and 40m. At the upstream inlets of both side chaneghpex log jams were
constructed (see Appendix AMlthough the change in physical dimensievere evident orsite and in
project photos(primarily width) the magnitude othangecould not beevaluated as updated cross
sections were not obtainedn 2016 sde channel 1, located on south side of North Creek, was §0

length and provided a total of 9 habitat units. Side channel 2, located on the north side of North Creek,
was47.9m in length with 10 habitatinits (Table6, Figurel). Both of these side channetentained 21
piecesof placedLWDthat were dispersed throughouthe side channelThe total length of habitat units

is shorter in side channel 1 and longer iresithannel 2 thn theconstructedchannel lengthsgespite

the fact thatthe inlet and outlet locations were unchanged.

Table6. Habitat units and lengths of each side channel in 2016.

Side Channe Habitat unitand count Totallength (m) Total area ()
1 Cther (2) 6 9.6
Pool (3) 154 46.13
Riffle (4) 28.6 62.78
Total (9) 50 118.51
2 Other (4) 13.9 20.14
Pool (2) 222 63.02
Rffle (4) 11.8 14.26
Total (10) 47.9 97.42
Discussion

All the LWD positioned on the upstream side of both side chanmedssuccessfully diverting flow into
both side channels which are now well establish&dlifferent methodology wassed tomeasure side
channel lengthsthe as-built channelengthswere used irR011 (the asbuilt channel lengthyvhile

habitat units were useth 2016 Becauséwo different methods were used to measure the side channel
lengths it is difficult to definitively knowvhether they haveincreased odecreased in size. Regardless,
both appear to beprovidingadditional salmon habitat and refuge in the project ayesr roundanda

total 216 m? of new habitat,109m? of which are poolsit should also be noted that both beavfarmed
pools were located in side channglghich demonstrategnother benefitthese side channels provide

the project area and North Creek.
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Did the removal/dispersal of riprap improve bank conditions?

Results

The bank condition within the project area prior to construction W#@% modified(primarily riprap)and
53% natural Bank modification increaseslightlyafter constructionto 49%, but then decreased to 38%
in 2016.In 2009 roughly51% of the banks were unstable adf@% stable. Bank stability increased in
2011 and 2012 to mostly stablég and78%, respedvely)anddecreased to 69% in 2016able7).

Table7. Bank condition and stability percentages per year.

Year Condition Stability
Modified Natural Stable Unstable
2009 47% 53% 49% 51%
2011 49% 51% 66% 34%
2012 43% 57% 78% 22%
2016 38% 62% 69% 31%
Discussion

Overall, he bank conditions within the project area haweprovedfrom the conditions recorded
immediately postconstruction in 2011bank modification has slightly decreasgadyticularly at
footbridge #1, which was removed along with right bank ripaamjthe amount of naturabank stability
has slightly increasedlhe amount of natural and stable banks has increaseabove what was
recordedpre-construction which is likely due to the 15 longmeander jamand the LWD and wood
structures that have been placed along the bankstheseLWD structures and riparian conditions
further stabilize the bank condition shouldlsocontinue to stabilize

Have riparian conditions improved in the project area?

Results
Riparian vegetatio monitoring took place in 2015. Substantial vegetation dgrolad occurredwith 61

species recordedVost of the vegetation wershrubs and herbaceous species including 6-native
species and &wvasive Preproject rative cover was 87.7% which increased to 131.7% in, 284 in
evidence irFigure?7. Note all cover percentages are expressed as absolute percentages, which may
exceed 100% if canopies overlap.
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Figure7. Downstream outlet of side channel 2 in 20121&2016.

Conifer cover increased from 3.8§%e-constructionto 8.8% in 2018Nestern red cedar accounted for
mostof coverin both years due to the fact that there was already a large establiglo@dlationprior to
restoration. Sitka spruce had the second most cover in 20159%, followed by yellow cedar, hemlock,
and Dougladir which allmade upless than 1% cover.

In total, ceciduous trees had 20.7% coyee-constructionand 32.3%postconstruction Red alder was

the most common deciduous tree ammtreasedrom 17.2%pre-construction toand 28%post

construction This value incluakvolunteer recruits that sprouted at the site and established adults

along the creek and neighboring property. The cover associated with the willow community, which
O2yaraiSR 2F tIFIOAFTAO gAftt263 {AlG1+ oAdetwveess { O2dzf S
2009 and 2016 from 3.6% to 14.7%.

Shrub cover also increaspdst-constructionfrom 21.7% to 44.7%. All shrubs increased in percent
cover, except for Indian plum which declined from 3.7% to 2.2%. The prestlentshrub waged osier
dogwood wheh increased to 9.4% covpostconstructionfrom 2.6%pre-construction

Invasive spdes cover was dominated by reednary grass (40.9% covefjmalayarblackberry (10.0%
cover), and buttercup (10.6% covefhe cover associated with reednary grassicreasedpost-
constructionfrom 24.6% to 40.9%, as did buttercup which was not present in 2009. Himalayan
blackberry decreased, whiatascontrolled for in 2008, 2010, and 2011. A small amount of knotweed,
evergreen blackberry, and HeRoberts were alscecorded in 2015 but have decreased from what was
presentpre-construction

A time series of photos is provided in Appendix B, showing one of the larger planted areas pre

construction with invasive species (knotweed), planting efforts immediately eftestruction, andour
years following project construction.
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Discussion

Cover associated with shrubs, deciduous trees, and conifers all incrpasecbnstruction It should be

noted that the 2009 conifer data was collected from established trees siodd SNRA ¢ SNBy Qi LI |y
the site until 2011Invasive spees cover, particularly reecanary grass and buttercup, have increased

since constructionywhile some of the other controlled invasigpecies such as Himalayan blackberry

and knotweed have dgeasedPantedtrees and shrubs have begun to eztmpete and shade out

some of the reed canary grasghich will help minimize further proliferation.

2.2 B-IBI

B-IBI data were collectedt two siteson opposite endf the project aredn various years between
2005and 2016 These data were evaluatéo determine whetherenthic macroinvertebrate
communities andby extensionstream health are improving in the project ar@able8). OtherB-IBI
data collected in North Creddetween 20® and 2016w~ere alsousedto evaluatethe health of North
Creekoutside of theproject area and determine whether thelBl score®bserved in the project area is
representative ofand consistent with changes in scoredNiorth Creek as a wholEigure8).
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Figure8. Map of Snohomish and King CountiBBsampling locations and project area

B-IBI scores othe upper end of the project area (NRUshghtlydecreased between 2009 and 2016,
while scores on the lower end of the project ar@#R)slightlyincreasedbetween 2005 and 201@®-1BI
data collectecbutside of the project areahowthat conditions have slightly improved at both locations
above the project areand onebelowthe project aregFigure9, Table8). These results suggest that the
Clearwater School Project has had very little to no impadhe benthic macroinvertebratB-IBI scores
The slight increase inIBI scores at the downstream site (NR) between 2009 and 2012 could be
attributed to the project as this sitis more likely impacted by the project; howevdnere appears to be
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